Objective: To investigate the influence of age, sex, ethnicity and total fatness on central obesity in four ethnic populations. Design: Cross-sectional analysis of study subjects enrolled from 1993 to 2005. Subjects: A multi-ethnic (Caucasian (CA), African-American (AA), Hispanic-American (HA) and Asian (As)) convenience sample of 604 men and 1192 women (aged 18-96 years, body mass index 15.93-45.80 kg/m 2 ). Measurements: Total body fat (TBF) and truncal fat were measured by dual-energy X-ray absorptiometry. General linear regression models were used to test for independent associations with log 10 -transformed truncal fat. Results: For all ethnicities, men had a lower percent body fat and more truncal fat than women. Log 10-transformed truncal fat increased with TBF approximately as a square root function. At older ages, there was a greater amount of truncal fat in CA, HA and As men (B0.20-0.25 kg/decade) with the effect more pronounced in AA men (B0.33 kg/decade). For women, the increment of truncal fat per decade was reduced in CA and AA women (B0.07 kg) compared with As and HA women (B0.33 kg). Adjusted for mean values of covariates in our sample, AA had less truncal fat than As. Conclusion: The accumulation of truncal fat is strongly related to age, ethnicity and total fatness in both men and women.
Introduction
Obesity is a pervasive problem in the United States 1 and worldwide. 2 It is well documented that obesity, especially fat accumulation in the abdominal or visceral area is highly correlated with cardiovascular risk factors and metabolic perturbations, such as elevated blood pressure, insulin resistance, glucose intolerance and dyslipidemia. [3] [4] [5] [6] A higher central fat accumulation may also be related to sex [6] [7] [8] and ethnic 9,10 differences in cardiovascular risk factors.
With increasing age in adults, the percent body fat (PBF) and abdominal fat increase until 55-71 years, 11 and whereas PBF begins to decline during and beyond the seventh decade, 11, 12 abdominal fat continues to increase. 12, 13 What is known about the exact pattern of change in PBF and abdominal fat depends on the measurement methods used 13 and the populations studied. 11 Sexual dimorphism in total body fat (TBF) and PBF exists with women having greater TBF and PBF whereas men have greater abdominal adiposity. 8, 11, 12 Combining the complex interactions of aging, variations in body size, total adiposity, and sex differences in fat distribution make the interpretation of sexual influences on fat patterning difficult to understand and should be approached with caution.
populations. 21, 22 This admixed population carries different cultural, dietary and genetic characteristics. The Hispanic population is increasing rapidly in the United States as is the Asian population. Therefore, understanding how TBF and fat distribution compare among these ethnic groups has potentially important implications for understanding health risk. Body fatness, as indicated by body mass index (BMI, kg/m 2 ) and PBF, has variable interactions across age, sex and ethnicity. [23] [24] [25] BMI and PBF do not fully explain the welldocumented ethnic differences in cardiovascular morbidities. It is possible that ethnic differences in fat distribution, specifically greater central fatness, may contribute to the comorbidities and mortality of cardiovascular disease and metabolic perturbations. 9, 10, 26, 27 A twin study has also suggested that TBF and regional fat mass, as determined by dual-energy X-ray absorptiometry (DXA), may be under extensive genetic control. 28 However, the relations between TBF, BMI or PBF and central obesity reflected by truncal fat, VAT or waist circumferences in different sexes or ethnicities are less well understood. Accordingly, the interrelationships between age, sex, ethnicity and level of fatness are complicated. Since there is heightened clinical and scientific interest in understanding the determinants of central adiposity, the primary aim of this study was to investigate how truncal fat is associated with sex, age, ethnicity and TBF in healthy adults spanning the adult age range across four ethnic groups.
Materials and methods

Subjects
Subjects were independent, community-dwelling individuals who had participated in one of the 18 studies at St Luke'sRoosevelt Hospital's Body Composition Unit between 1993 and 2005. Recruitment occurred through advertisements in newspapers and flyers posted in the local community. Inclusion criteria for all studies required that subjects be ambulatory, weight stable (less than 2 kg change over past 6 months), non-exercising based on self-report of no participation in vigorous routine or structured exercise, and nonsmoking. Of the 1962 available subjects, 48 subjects had a body weight greater than 250 lb (DXA maximum limit), five subjects had a height greater than the DXA upper limit, 66 subjects had body weight difference (scale versus DXA weight) 42 kg, and 53 subjects had undetermined race/ ethnicity. Some subjects overlapped in the above exclusion criteria. A total of 604 men and 1192 women, ages 18-96 years, with BMI ranging from 15.9 to 45.8 kg/m 2 were included in this analysis. Ethnicity/race was determined by self-report according to the following criteria: all parents and grandparents were required to be of the same ethnicity/race: non-Hispanic African-American and non-Hispanic CA, for African-American (AA) and CA subjects, respectively. As and Hispanic-Americans (HA) were required to report all parents and grandparents as being of Eastern Asian origin or Hispanic, respectively. It is estimated that approximately 80% of the Hispanic subjects included in this analysis had origins in Puerto Rico and/or the Dominican Republic. The As subjects were predominantly of Japanese, Chinese and Korean origin. Each subject completed a medical examination and the majority of subjects had screening blood tests after an overnight fast that included a standard hematology and blood chemistry panel. Subjects with untreated diabetes mellitus, malignant/catabolic conditions, missing limb, who had had joint replacement, those currently taking estrogen replacement therapy and those taking medications (diuretics, thyroid-, osteoporosis-and anti-obesity medications) that could potentially influence body composition, were excluded from the study. Specific to the DXA scans, subjects with incomplete scans (due to movement or improper positioning), body weights greater than the manufacturer recommended upper body weight limit (250 lb) or body height limit (6 ft and 4 inches); and a difference of 42.0 kg between the DXA weight and scale weight were excluded.
All studies were approved by the Institutional Review Board and all subjects gave written consent to participate.
Body composition
Subjects were examined in the morning in a fasted state at the Luke's-Roosevelt Hospital's Body Composition Unit. Wearing a hospital gown, body weight and height were measured to the nearest 0.1 kg (Weight Tronix, New York, NY, USA) and 0.1 cm (Holtain Stadiometer, Crosswell, Wales, UK), respectively.
Whole-body and regional (truncal)-body composition were estimated by DXA (GE Lunar DPX or DPX-L; Madison, WI, USA). The system software provided the mass of the fat, lean soft tissue and bone mineral for both the whole body and specific regions. The truncal region was isolated from the head, arms and legs by using the computer-generated default lines, with manual adjustment, on the anterior-view planogram. 29 The truncal region extends from a line drawn parallel to and through the base of the neck to a line drawn through, separated from the arms by a line drawn through the arm socket and perpendicular to the axis of the femoral neck and angled with the pelvic brim. Truncal fat was obtained from the fat mass in the modified truncal region. Repeated daily measurements over 5 days in four adult subjects showed a coefficient of variation (CV) of 3.1% for PBF. 30 Repeated daily measurements in three adult subjects showed a coefficient of variation (CV) of 5% for arm fat, 1% for leg fat, and 2% for truncal fat, respectively. 29 An anthropomorphic spine phantom made up of calcium hydroxyapatite embedded in a 17.5 Â 15 Â 17.5-cm block was scanned for quality control each morning before subject evaluation. The phantom was also scanned immediately before and after all DXA system manufacturer maintenance visits. The measured phantom spine bone mineral density A DXA-derived body weight was calculated by adding the values for TBF, total lean mass, and total bone mineral content. PBF was calculated from DXA-derived TBF divided by DXA-derived total body weight Â 100. DXA-derived body weight and scale weight (measured on laboratory scale) were highly correlated (R ¼ 0.999). Body composition parameters in the same subjects (n ¼ 78) measured on both the DPX and DPX-L systems in our laboratory were in close agreement for total bone mineral content (R ¼ 0.997), TBF (R ¼ 0.994), truncal fat (R ¼ 0.996) and truncal fat in proportion to total fat (R ¼ 0.962). 31 Statistical analysis Data were analysed using the SPSSWIN software (version 10.0, SPSS Inc., Chicago, IL, USA). T-tests for independent groups and one-way analysis of variance (ANOVA) were used to test differences in basic characteristics and anthropometric parameters between sexes and among ethnic groups, respectively. Analysis of covariance (ANCOVA), adjusted for age and BMI, was used to compare the differences in DXAderived truncal fat, TBF and PBF between sexes and among ethnic groups. A general linear model was used to test the independent contribution of variables to truncal fat as the dependent variables with age, TBF, ethnicity (dummycoded), height and weight as independent variables for each sex. As the contributions of weight and height were no longer significant when TBF was included, only TBF was retained in the final model. When the absolute value of the residuals was found to change with the amount of truncal fat mass, truncal fat was log 10 -transformed for constant error stability and all further analyses were carried out on the log 10 -transformed dependent variable. The square root of TBF (srTBF) was included as an independent variable in regression models to test for non-linear relationship of TBF with truncal fat. Two-way and three-way interaction effects between independent variables were tested for each model.
To illustrate the relationship found by our regression models, we back-converted log 10 truncal fat to original units and plotted estimated truncal fat versus TBF and estimated truncal fat versus age, over a typical range of values of covariates set at the means of our samples, by sex and for four ethnic groups. A two-tailed Po0.05 was considered statistically significant.
Results
Basic characteristics for the study population are presented in Tables 1 and 2 . There was close agreement between scale weight and DXA weight within sex (R ¼ 0.9999). The age distribution was similar across the four ethnic groups. The BMI was the lowest in As for both sexes and the highest in HA men and AA women. After adjustment for age, height and weight, women had a higher TBF and PBF than men. Among men, As had a higher PBF compared with the other three ethnic groups (Po0.05) and AA had a lower PBF compared with CA or HA (Po0.05). Among women, As had a higher PBF compared with CA and AA, and HA had a higher PBF compared with AA and CA (all Po0.05).
Modeling
Truncal fat mass multiple regression models using sex, age, total body fatness and ethnicity as independent variables for men and women are presented in Table 3 .
Sex. Since sexual dimorphism in TBF and fat distribution are well documented and in view of the finding of Age, sex, ethnicity and fatness on truncal fat C-H Wu et al statistically significant interactions between sex and the other variables, all analyses were performed separately by sex. For men, age, ethnicity, TBF, srTBF, interaction effects between age and ethnicity, age and TBF, age and srTBF were all independent predictors of log 10 truncal fat (adjusted R 2 ¼ 0.971). In women, age, ethnicity, TBF, srTBF, interaction effects between age and ethnicity, ethnicity and TBF, ethnicity and srTBF were all independent predictors of log 10 truncal fat (adjusted R 2 ¼ 0.964). The addition of DXA machine type, BMI or replacing scale weight and height with BMI or reciprocal BMI as independent variables (data not shown) to these models did not change the outcome.
Total body fatness. The dominant coefficient in the regression models for both men and women was that of the srTBF (b ¼ 0.44 and 0.59, respectively) indicating that the major component of the association was a curvilinear (square root function) relationship between log 10 truncal fat with greater Age. Although the regression coefficients of age and the age-by-TBF interaction were slightly negative for men, the effect of the positive coefficient of age with srTBF prevails, as noted above, resulting in a greater amount of truncal fat in CA, HA and As men (B0.20-0.25 kg/decade) with a more pronounced amount in AA men (B0.33 kg/decade). For women, there was no overall interaction of age with TBF or srTBF, however, the greater amount of truncal fat at older ages was moderated by ethnicity in a manner that reduced the overall amount with age in CA and AA women (B0.07 kg/decade) compared with As and HA women (B0.33 kg/decade). The resultant overall associations with age are illustrated in Figures 2a and b .
Ethnicity. Adjusted to the mean values of covariates seen in our sample, the model found main effects for ethnic group in men, specifically, less truncal fat overall in AA men compared with As (8.4 versus 9.5 kg, Po0.001, Table 3 ). For women, there were interactions of ethnicity with TBF and srTBF. The general pattern of this interaction was that, compared with As women, the curvilinear change in truncal fat with srTBF in CA and AA women was less (b ¼ À0.118, Po0.05, and b ¼ À0.131, Po0.01, respectively) but the negative linear coefficients for TBF were also less (i.e. became less negative: b ¼ 0.0155, Po0.01, and b ¼ À0.0168, Po0.01, respectively). The interaction of ethnicity with age was discussed above.
Hypothetical prediction models Truncal fat from TBF. To illustrate truncal fat from hypothetical TBF values at mean (s.d.) ages of 44.1 (18. 4) years for men and 47.2 (17.6) years for women, ranges of TBF consistent with the TBF range of the original data were selected (10-30 kg for As men; 10-50 kg for AA, CA and HA men; 10-40 kg for As women; and 10-60 kg for AA, CA and HA women). These values were entered into the model equations to generate illustrative Figures 1a and b . There was more truncal fat in relation to TBF in each ethnic group in men ( Figure 1a ) and women (Figure 1b) . In men, the slopes of the regression lines for the four ethnic groups were similar at lower TBF, but less steep in AA and CA at higher TBF. In women, the relationship between truncal fat and TBF differed by ethnic group according to the level of TBF. That is, the slopes were similar at lower TBF, crossed at middle levels of TBF and were steeper in CA and AA at higher TBF.
Truncal fat by age. To illustrate truncal fat at hypothetical ages, at mean (s.d.) TBF values of 16.6 (8.9) kg for men and 26.9 (12.3) kg for women, age ranges consistent with the age ranges of the original data were selected (18-86 year old for As men, 18-78 year-old for HA men, 18-96 year old for CA men, 18-82 year-old for AA men, 18-84 year old for As and HA women, 18-90 year old for CA and AA women). These Figure 2b) . The relationship between truncal fat and age differed by ethnic group according to age. In men, the slope was compatible in As, HA and CA, but steeper in AA. In women, the slope of the regression line was steeper in As and HA, especially at the higher ages.
Discussion
In this study, we demonstrate that the accumulation of truncal fat is strongly related to age, ethnicity and total fatness in both men and women. The interaction effects between variables also demonstrate the complex roles of age, sex, ethnicity and total fatness in contributing to the level of truncal fat accumulation. Consistent with pervious reports, PBF was higher in HA and As, and lowest in AA compared with CA. 21, 24, 32 We further demonstrate (Figures 1 and 2) that the higher PBF in As and HA includes greater truncal fat. Greater truncal fat and PBF are both independently associated with a higher prevalence of cardiovascular comorbidities in HA 10, 26, 27 and in As. 33 The International Diabetes
Federation places a greater emphasis on central obesity and proposes race-specific cutoffs for central obesity (reflected by waist circumference) but not general fatness (reflected by TBF or BMI) for the new criteria of the metabolic syndrome. 34 Therefore, the factors associated with truncal fat deposits may provide information about the biological or physiological processes involved in partitioning fat deposits among regions. There are three principal findings from the current study. In both men and women, with greater TBF, the amount of truncal fat was non-linear suggesting that at higher levels of TBF, the deposition of fat was proportionally less in the truncal region. Second, holding other variables constant, at older ages there was a greater amount of truncal fat in women which was less pronounced in CA and AA (B0.07 kg/ decade) compared with As and HA (B0.33 kg/decade), and a greater amount of truncal fat in CA, HA and As men (B0.20-0.25 kg/decade) with a more pronounced amount in AA men (B0.33 kg/decade). Third, adjusted to the mean age and TBF values in our sample, AA men had less truncal fat (B1.1 kg) than As men. For women, there were interactions of ethnicity with TBF and srTBF. However, as noted above, among women, the greater amount of truncal fat at older ages was less pronounced in AA and CA compared with As and HA.
The truncal region as defined by DXA includes fat deposits other than those in the intra-abdominal or visceral cavity, including subcutaneous and intermuscular fat throughout the trunk region, in addition to epicardial and pelvic deposits. Since intra-abdominal or visceral fat has been shown to be one of the most detrimental fat deposit from a metabolic perspective, the question arises as to how representative of intra-abdominal fat is DXA-derived truncal fat? In a sample of 90 non-obese healthy men, we previously reported a high correlation (R ¼ 0.825, Po0.01) between truncal fat and MRI-derived total VAT, 35 which gives support to truncal fat as an appropriate reflection of intra-abdominal fat.
Strengths and limitations
The strengths of our study include a well-validated body composition measurement method; a relatively large sample where body composition measures were acquired in the same laboratory using daily calibration procedures that were consistent throughout the study period; a sampling of four ethnic groups; and models with high R 2 values (0.964B0.971). Age, sex, ethnicity and fatness on truncal fat C-H Wu et al
The inability of DXA to accommodate persons with body weights greater than 250 lb (113 kg) limits the study of persons with greater weight which includes severely or morbidly obese subjects. Whether the observed findings could be extrapolated to people weighing more than 250 lb is unknown. This study was also limited by the lack of information on smoking, exercise, menopausal status, dietary, socioeconomic status, factors that might influence the relationship between truncal and TBF. However, other studies have reported on ethnic differences in PBF across the adult age range even after controlling for socioeconomic status, 22 physical activity, 22 smoking 21 and menopausal status. 22 Since our regression models explained between 96.4 to 97.1% of the variation in truncal fat, the influence of these factors is probably small. Ethnic group was determined by self-report which is reported to be a suitable proxy for genetic ancestry, especially when assessing disease risk 36 but does not take into account the degrees of admixture. The grouping of persons who self-identified as As and Hispanic into distinct ethnicities ignores within-group differences and does not allow for the examination of body composition differences. Whether the pattern of truncal fat is consistent across all As populations and persons self-identified as Hispanic needs further evaluation. On the other hand, the exact reasons for differences in truncal fat by ethnicity are unclear where genetics, body size, environmental or the interactions between these factors could be contributing factors and warrant further study. [37] [38] [39] The present study employed a cross-sectional design that limits the interpretation of the data when examining the influence of age on truncal fat because age effects may include cohort differences as well as longitudinal changes. We also caution that the use of a regression model in an observational sample to estimate the effect of variation in a single variable while holding other variables constant ignores the known natural covariation of these variables. Thus, the relationships of truncal fat to TBF or age, while holding other variables constant are for illustrative rather than predictive purposes.
Main conclusion
The interrelationship between truncal fat, sex, age, ethnicity and total fatness is documented. Ethnic differences in truncal fat and its changing pattern with age and total fatness highlight the ethnicity-specific considerations in managing obesity. 40 
